Abstract This study examined the associations of physical activity by intensity with depression and suicidal thoughts among middle school students in South Korea. This study used data from the Survey of Korean Youth Health Risk Behavior. The samples were middle school students (Total 37,420). Logistic regression analysis were used. For depression, 33% of males and 43% of females felt depressed, whereas 17.8% of males and 27.7% of females experienced suicidal thoughts. In regression, both moderate physical activity and vigorous physical activity were associated significantly with a lower incidence of depression. In suicidal thoughts, moderate physical activity was associated with a lower incidence of suicidal thoughts among female students. In path analysis, vigorous physical activity had a direct and indirect effect on depression and suicidal thoughts. Physical activity is a potential mediator in decreasing depression and suicidal thoughts among middle school students. 
Introduction
More than a million people commit suicide every year in globally [1] . Suicides in Korea show a sharp increase from the late 1990s. Korea now has the highest suicide rates among OECD countries (around 22 deaths per 100000 individuals) [2] . An increase in the suicide rate is a health concern, as well as a social problem. Suicide, one of the main causes of death among adolescents and young adults, is gradually increasing, particularly among adolescents [3] .
According to a study in the United States, the number Associations of physical activity by intensity (moderate vs. vigorous) with depression and suicidal thoughts among middle school students in South Korea of patients visiting the emergency room for suicide attempts continuously increased between 1992 and 2001. Moreover, out of the patients visiting the emergency room for suicide attempts, the number of adolescents under the age of 15 years sharply increased during the study. Hence, there is an urgent need to develop adolescent suicide prevention programs [4] .
Depression is one of the strongest predictors of suicide among adolescents [5] . Previous studies have revealed that depressive-anxious symptoms and use of antidepressants by patients suffering from a major depressive disorder predicted suicidal behavior [6, 7] .
Depressed patients were likely to die by attempting suicide during the follow-up period in the prospective study [8] . Depression is also a major public health concern among children and adolescents. According to the results of a meta-analysis which who analyzed 26 studies examining juvenile and adolescent depression rates [9] , the depression rate in adolescents under 13 years old was 2.8% and the depression rate for adolescents between 13 and 18 years old was found to be 5.6%. Depression symptoms that begin in adolescence continue to be a determinant of mental health throughout their entire lives [10] . Depression during adolescence was found to be a significant predictor of current suicidal behavior (suicidal thoughts, suicide plans, and suicide attempts) and future suicidal behavior (i.e. during adulthood) [11] . Specific stresses and mentioning death (e.g. writing, thoughts, or talking about death or dying) can be other indicators of suicidal behavior in adolescence [12] .
Researchers in South Korea have explained that
South Korean adolescents face many challenging issues and responsibilities (e.g. schoolwork, employment, appearance, career choices, relationships, personality, self-identity, problems with the opposite sex, social reputation and rank) in the demanding society [13] . The homogeneous and rigid social atmosphere of South Korea neglects adolescents who have failed in challenging tasks, which results in health problems, such as depression and suicidal behaviors, as well as behavioral problems among adolescents. In suicidal behaviors of general population (total 6,510) in Korea, the incidence rates of suicidal thoughts, suicidal plan, and suicidal attempt were 15.2%, 3.3%, and 3.2%, respectively [14] . To subdue the increasing suicide rates among adolescents in Korea, different methods for preventing and treating depressive symptoms have been proposed. Physical activity has gradually emerged as an effective treatment for adolescent depression that has fewer possible side effects and is cost effective than other therapies or programmes [15, 16] .
Physical activity is associated with mental health benefits, including enhanced emotional health [17, 18] , improved cognitive functioning [19] , and better quality of life [20] . In clinical patient, level of physical activity were low in adolescent psychiatric patient compared with the general population [21] . These benefits from participation in regular physical activity could mediate a lower risk of suicidal behaviors among physically active people than people who are sedentary. The relationship between physical activity and suicidal behaviors may be explained by biological mechanisms which serotonergic functioning may play a role in suicidal behaviors [22, 23] . Mood improvements related with physical activity may increase levels of serotonin, which is hormone secreted in brain [23] . Theoretically, physical activity may be associated with suicidal behaviors as results of hormone response that occur with physical activity. The associations between physical activity and symptoms of depression also have shown in cross-sectional and prospective study [24, 25] .
Physical activity can be used as a stand-alone treatment approach or in combination with medication and/or psychological therapy for depression [26] .
There have been many studies investigating the associations between psychosocial factors and Korean adolescents' depression and suicidal behaviors [27, 28] ;
however, studies evaluating whether physical activity effectively is related with depression and suicide variables (suicidal thoughts, suicidal plans, suicidal attempts) are infrequent. In addition, there are some issues that clearly require further evidence and debate, such as potential gender difference and the amount and intensity of physical activity. UK Physical activity guidelines were definite including time and intensity of physical activity(for example, 75 minutes of vigorous intensity activity spread across the week) [29] . But, the evidence on guidelines of physical activity is less in South Korea, Therefore, the aim of this study is to examine the associations of intensity of physical activity with depression and suicidal thoughts in a representative population-based sample of South Korean adolescents.
Method

Participants and data
This study used data from the fourth online survey Data collection was done through online survey.
Well-trained data collectors explained the objective of the survey and the entire survey of process to the students before the administration of the survey. The survey, which took 45 to 50 minutes, was administered twice, approximately two weeks apart, in computer room of each selected school. The students were required to visit the KYRBWS website and logged in with a unique number, which was assigned to each student to assure anonymity. After logging in, the students completed the self-reported questionnaire.
The students' responses were automatically stored in the database of the KYRBWS. This study analyzed the data only from the middle school students. Total sample were 37,420 middle school students. Responses to the question, 'How many hours did you actually play on the playground or in the gym during P.E. in the past week?' were recoded as 0 for less than one hour and 1 for one or more hours.
Measurements
Independent variable
Experience with drinking alcohol was measured Their responses were classified as 0 for no and 1 for yes.
Data analysis
Data were analyzed using 18.0 SPSS for Win. The analysis was carried out separately for males and females to see the difference in prevalence and association of depression and suicidal thoughts among adolescents according to gender. Chi-square analysis was used to examine the gender difference of behavioral variables (alcohol drinking behavior, smoking behavior, stress, illegal substances), physical activity level, depression, and suicidal thoughts.
To assess whether physical activity was associated with depression and suicidal thoughts of adolescents in South Korea, stepwise logistic regressions were conducted separately for the two dependent variables.
The effects of physical activity intensity on depression and suicidal thoughts are presented (1) as unadjusted Non-participants in physical activity were assigned as the reference group. AMOS version 22.0 was used to assess pathways between physical activity by intensity and dependent variables(depression and suicidal thoughts). Missing data were excluded from analyses.
Result
General characteristics of the participants
The 37,420 participants were comprised of 19,620 (52.4%) male and 17,800 (47.6%) female students.
Grades were similar for male and female students; the percentage of first-year students was the highest.
33.5% of male students and 34.7% of female students were found to be underweight. Males showed a higher predisposition to obesity than female students, with obesity being present in 1.2% of male students and 0.3% of female students. In regards to academic achievement, over 40% of both male and female students responded 'high'[ Table 1 ].
Gender differences in physical activity, depression, suicidal thoughts, and behavioral variables
Results from the chi-square test of physical activity, depression, suicidal thoughts and behavioral variables are shown in [ In male students, the odds ratio of vigorous physical activity to depression was 0.837 (p<.001). It means that before adjusting for control variables, male students who did vigorous physical activity were 0.837 times less likely to have symptoms of depression than other students who did not participate in those activities.
Even when general characteristic variables (vigorous PA OR=0.780, p<.001) and behavioral variables (vigorous PA OR=0.784, (p<.001) were adjusted, it statistically showed a similar odds ratio for male students; thereby vigorous physical activity was still confirmed as a protective factor, which can reduce the risk of having depression symptoms. Moderate physical activity was also shown to be a protective factor in reducing the risks of having depression symptoms before adjusting and after adjusting for control variables in male students. In female students, both vigorous physical activity and moderate physical activity showed a statistically similar odds ratio in the steps of adjusted control variables; therefore, vigorous physical activity and moderate physical activity were each a protective factor for reducing the risk of having depression symptoms for female students, regardless of control variable adjustments. Conversely, in regards to suicidal thoughts, only moderate physical activity showed a statistically significant odds ratio in step of adjusting for general characteristic variables (moderate PA OR=0.856, p<.01).
Vigorous physical activity showed a significant odds ratio (vigorous PA OR=0.929, p<.05) to the reduction of risk of having suicidal thoughts in female students.
After adjusting both general characteristic and behavioral variables, moderate physical activity showed a statistically significant odds ratio (moderate PA OR=0.918, p<.05) to the reduction of the risk of having suicidal thoughts.
[ 
Structural equation model examining pathways between physical activity and dependent variables
The modified model is depicted in Fig. 1 
Conclusion
This study analyzed the data of the online survey for fourth Korean Youth Health Risk Behavior and examined the associations of physical activity by intensity with depression and suicidal thoughts among South Korean adolescents. Firstly, the prevalence of depression was higher in female students than male student. This corresponds to the result of previous study [30] . In depression study [31] , girls has more complex path structure between multi-independent variables and mental health (e.g. depression) than boys.
For example, in girl, factors as body image or perceived obesity have a more significant direct and indirect effect on girls' mental health than boys'. There are few possible explanations for the differences in gender.
Biological features based on sex seemed to be the main mechanism for gender differences in depression symptoms.
Associations of physical activity by intensity (moderate vs. vigorous) with depression and suicidal thoughts among middle school students in South Korea
Male and female students have biological differences due to the manifestation of secondary sexual characteristics even at the same age. Physical activity had a positive influence on mood and anxiety disorders in male students but did not influence female students [24] . This phenomenon was analyzed from internal factors of humans, such as hormones or physiological reactions, have a greater effect on mood and anxiety disorders or symptoms than external factors. It has been shown that females have higher rates of mental health problems, such as depression and anxiety, than males, Adolescent mental health problems that arise in early-onset disorders (e.g. behavior disorders or autism) showed higher prevalence rates in males and adolescent-onset disorders, such as depression and anxiety, showed higher prevalence rates in females [32] . These differences of depression prevalence rate between males and females can be found in different stress reaction mechanisms by gender. Generally, if the people are under stress, the body responds by releasing corticotrophin releasing hormone (CRH) from the hypothalamus, which stimulates the secretion of the stress hormone (cortisol); therefore, depression and stress-related disorders can arise. Females secrete more CRH than males, and females have higher sensitivity to depression [33] . In particular, endogenous E2 and/or progesterone secreted during adolescence stimulate stress reactions, causing adolescent female students to be more susceptible to depression [34] [35] [36] . Moreover, if the goal of increasing physical activity among female students is weight reduction, physical activity can become a risk factor for depression. For example, disappointment when weight goals are not reached has effects on psychological burden. Regardless of whether female students were subjectively overweight or not, obesity and related variables must be controlled for when researchers examine how physical activity can have a different effect on feelings and anxiety disorders, including depression [31, 32] .
The difference between male and female students also showed not only in depression rates but also in descriptive frequency of other variables in this study.
Smoking behavior, stress, illegal substances except alcohol, and alcoholic drinking behavior showed significant differences between males and females.
Physical activity and suicidal thoughts also showed differences between the gender groups.
In study analyzed Korean Youth Health Risk
Behavior Survey [37] [38] , gender differences were variables. For male, the association between moderate physical activity and low incidence of suicidal thoughts was weakened after controlling for alcohol drinking, smoking, stress, and use of illegal substance, because the variables are at least moderately correlated.
However, for female, the significant association between moderate physical activity and low incidence of suicidal thoughts showed in the final step when level of moderate physical activity was adjusted for socio-demographic variables and potential confounders (i.e., alcohol drinking, smoking, stress, and use of illegal substances). Possibly, these gender differences may result from the different exogenous variables mediating between moderate physical activity and the suicidal thoughts. Kim (2012) analysed that less physical activity was prominent among risk factor as exogenous variables of suicidal ideation for Korean female adolescents [40] .
In conclusions, after step-wised adjusting with This study may contribute to evidence supporting the use of physical activity in the management and treatment of depression and suicidal thoughts.
Although physical activity is associated with decreased risk of developing mental health problems throughout many studies, there is no definitive physical activity recommendation for depression and suicidal thoughts that it is likely that different formula of frequency, intensity, and duration of physical activity. The findings of this study also suggest the need for strategic programs that increase the intensity of physical activity, and prevent depression and suicidal behaviors among adolescents in South Korea. These programs for using of physical activity should be tried and tested for cost effectiveness in school health policies.
Limitation
This study has some limitations. Physical activity in this study was only classified by subjective intensity and was not measured with metabolic equivalents (METs) that could be comparatively objective. Another limitation in this study is that depression was measured as self-reported depressive symptoms by using the one question. Also, the use of a single item self-reported measure of suicidal thoughts does not allow for the capturing of the entire spectrum of suicidal behaviors. Only perceived depressive symptoms and suicidal thoughts of students' mental health domains were included in analyzing due to secondary analysis. In addition, the generalizations of our finding are limited by the usual difficulties of a retrospective assessment of depression and suicidal thoughts in cross-sectional design. Despite these limitations, this study will make an important contribution to the study on the relationship between physical activity and depression or suicide behaviors among adolescents. Another advantage of this study is that it estimates associations of physical activity by intensity with depression and suicidal thoughts on the basis of nationally representative data in South Korea.
